INTRODUCTION
The word "paprika" originates from Hungary and denotes only the dried and ground fruits of the pepper plant Capsicum annuum L. that belongs to the Solanaceae family. In Europe, significant quantities of paprika are produced in Hungary, Serbia, Croatia, Spain and Macedonia where it is used in traditional cuisine. Paprika can be non-pungent or sweet and pungent or hot depending on the pepper cultivar grown. Pungency in paprika originates from the alkaloids called capsaicinoids, especially capsaicin and dihydrocapsaicin that are responsible for more than 90% of paprika's pungency (Cisneros-Pineda et al., 2007; Giuffrida et al., 2013) .
Health benefits of capsaicinoids derive from their analgesic, anti-inflammatory and antioxidant activity, including anticarcinogenic properties inhibiting androgen-dependent growth of breast cancer, as well as colon, prostate and gastric adenocarcinoma (Djamgoz and Isbilen, 2006) . Besides pungency, a very important property determining the quality of paprika is red coloration, determined by the level of ketocarotenoids capsanthin and capsorubin. Carotenoids are known to have a positive effect on human health such as cancer chemopreventive activity (Maoka et al., 2001 ). Also, other phytochemicals like phenolic compounds and flavonoids contribute to the overall quality of paprika. Flavonoids and phenolic compounds, known for their significant antioxidant and anticancer activity, are present in all pepper cultivars (Tonin et cals which determine the colour, taste and pungency of paprika is the reason for its worldwide popularity. The content of phytochemicals is generally influenced by several factors such as the genotype, environmental conditions, ripening stage and cultivation techniques (Giuffrida et al., 2013) . Numerous studies have confirmed that drought, salinity, harvest date, storage conditions as well as production techniques and drying methods change the content of phytochemicals in pepper and/or ground paprika (Fox et Zaki et al., 2013) . To the best of our knowledge, there are no studies reporting the phytochemical composition of ground paprika produced in the Eastern Danube Region. This study aimed to compare the composition of flavonoids, carotenoids, phenols and capsaicinoids in sweet and hot ground paprika from several production sites in Croatia, Serbia and Hungary, which all belong to the Eastern Danube Region.
MATERIAL AND METHODS

Plant materials
For the determination of ground paprika's chemical composition, final products in form of ground paprika of two most commonly used hybrid pepper cultivars of Capsicum annuum L. were selected, cv. Kalocsai V2 and cv. Szegedi 80. Kalocsai V2 is a hot variety with red pendulous fruits, while cv. Szegedi 80 is a sweet variety with red pendulous fruits. The commercial samples (final product -paprika that is a powdered spice of deep orange-red colour made from the dried and ground fruits of certain varieties of sweet or hot pepper) were collected and purchased from producers during season 2013/14 in Croatia, Serbia and Hungary. Both sweet and hot paprika samples were collected at each location. Locations in Croatia were Kopačevo (45°36′9″ N, 18°47′13″ E), Branjin Vrh (45°47′38″ N, 18°36′47″ E), Čeminac (45°41′24″N, 18°40′12″ E), Lug (45°39′48″N, 18°46′26″E) and Vardarac (45°37′25″N, 18°46′13″E). They were marked as CRO1, CRO2, CRO3, CRO4 and CRO5, respectively. All locations in Croatia belong to the Baranja region. The samples collected in Serbia at locations Novi Kneževac (46°3′0″ N, 20°6′0″ E), Futog (45°14′17" N, 19°42′22" E) and Martonoš (45°57′26″ N, 19°55′00″ E) were marked as SER1, SER2 and SER3, respectively. Novi Kneževac and Martonoš are situated in the North Banat District, Vojvodina province. Futog is situated in the southern part of Vojvodina in the middle of the Danube stream called Bačka. The samples collected in Hungary at locations Kalocsa (46°32′00″ N 18°59′08″ E), Szeged (46°15'10" N, 20°8'29" E) and Kistarcsa (47°32′52″ N, 19°15′48″ E) were marked as HUN1, HUN2 and HUN3, respectively. Kalocsa is situated in Bács-Kiskun county, Szeged in Csongrád county and Kistarcsa in the Pest county of Hungary. Each sample was additionally marked with S (sweet) or H (hot). Accordingly, ten samples (5 sweet + 5 hot) were collected in Croatia, 6 samples (3 sweet + 3 hot) in Serbia and 6 samples (3 sweet + 3 hot) in Hungary.
Sample preparation
Paprika samples were dehydrated in an oven and subjected to extraction procedures in methanol or acetonitrile. The extraction in methanol was performed by adding 1 g of dried paprika to 10 mL of 80% methanol (v/v). The extraction was carried out using an ultrasonic bath at 25°C for 30 minutes. Then the extracts were filtered through a nylon membrane filter of pore size 0.2 μm (Whatman Inc.). The extracts were stored until analysis at 4° C in sealed glass test tubes. Methanolic extracts were used for the evaluation of total phenolics, total flavonoids and antioxidant activity (AOX).
The extraction in acetonitrile was used for the evaluation of capsaicinoids according to the method of Collins et al. (1995) . After extraction, the samples were centrifuged and the supernatant was filtered through a membrane nylon filter of 0.2 μm pore size (Whatmann Inc.). The extracts were kept in sealed glass vials at 4°C until analysis.
Total phenolic content
The total phenol content was determined by FolinCiocalteu's reagent (Singleton & Rossi, 1965) . The total phenolic content was expressed as mg of gallic acid equivalent (GAE) per 100 g of dry matter. All determinations were carried out in triplicate.
Total flavonoid content
The total flavonoid content was determined according to Molina-Quijada et al. (2010) . The total flavonoid content was expressed as quercetin equivalents, i.e. mg of quercetin per 100 g of dry matter. All determinations were carried out in triplicate.
Antioxidant activity
The antioxidant scavenging ability of methanolic extracts against DPPH free radicals (DPPH • ) was evaluated as described previously (Vinković Vrček et al., 2011) . The results were expressed as μmol TEAC per 100 g of dry matter. All determinations were conducted in triplicate.
Total carotenoid content -red coloration of paprika
The total carotenoid content in paprika extracts was determined according to FAO (2008) . The total carotenoid content was expressed as % of capsanthin and capsorubin using their extinction coefficient in acetone. Capsanthin and capsorubin are responsible for red coloration of paprika. All determinations were carried out in triplicate.
Quantitative determination of capsaicinoids
The content of capsaicinoids was measured on the HPLC Shimadzu Prominence system with the LC-20AD Collins et al. (1995) . All measurements were made in duplicate and the concentration was determined from the calibration curve. Capsaicin contents were converted to Scoville Heat Units by multiplying the sum of capsaicin and dihydrocapsaicin concentrations (g capsaicin + dihydrocapsaicin per g of pepper dry weight) by the coefficient of the heat value for capsaicin (1.6 × 10 7 ).
Statistical analysis
Statistical analysis of data was conducted using factorial analysis of variance ANOVA by grouping the data depending on pungency. Normality of data was assessed by Shapiro-Wilks test (p≤0.05). Fisher's LSD test was applied to judge statistical significance of differences between locations and cultivars/pungency using SAS 9.2 Statistical Package (2014). Mean values were considered significantly different when p≤0.05.
RESULTS AND DISCUSSION
Phenolic compounds and total antioxidant activity
Pepper is known to be an important source of antioxidative compounds like phenolics or flavonoids being mainly localized in the peel and depend on the type of cultivar and growing conditions (Marin et al. 2004 ). The phytochemical properties and antioxidant activities of the analysed paprika samples as final product of some pepper cultivars are shown in Table  1 , 2, and Fig. 1 . According to our results, the highest flavonoid content was observed in paprika from Szeged in Hungary (HUN2-H) and Futog in Serbia (SER2-H) in case of hot paprika. In sweet paprika samples, the highest flavonoid content was detected in the samples HUN2-S and SER1-S. Analysis of phenolics in sweet paprika revealed their highest content in sample CRO2-S ( Fig. 1) , whereas in hot paprika the highest content was detected in the sample SER2-H (Fig. 2) . The lowest content of phenols was detected in sweet and hot paprika in the samples CRO3-S and SER3-H, respectively ( Fig.  1 and 2 ). The total phenolic content ranged from 163.1 to 236.1 mg of gallic acid per 100 g of sweet paprika ( Fig. 1) . In hot paprika samples, it ranged from 188.8 to 260.5 mg of gallic acid per 100 g of paprika (Fig. 2) . In a study by Škrovánková et al. (2017) , hot paprika samples had higher content of phenolic compounds compared to sweet paprika which corresponds to results obtained in our study. (Table 1 , Fig. 1 and 2 ). However, we could not find positive correlation between these parameters for other analysed samples. Also, we could not find positive correlation between total phenolic content and antioxidants activity, either similar observations were reported in recent studies emphasizing that phenolic compounds were not responsible for antioxidant activity (Scalzo et 2012) found out the strongest correlation between the content of total flavonoids and antioxidant activity measured as a reduction of DPPH radical. Similar correlation was also found out for Moroccan paprika and it was suggested that total phenolic and carotenoid contents could serve as a useful indicator for the antioxidant activity of paprika (Zaki et al., 2013) . However, this interpretation does not consider differences in the phenolic profiles: qualitatively (type of phenolics present) and quantitatively (the relative amounts or proportions of phenolics) present in different samples as well as synergistic, additive or antagonistic behaviour of phenolic compounds (JacoboVelázquez and Cisneros-Zevallos, 2009). Antioxidant activity significantly differed when comparing results of sweet and hot paprika samples at the same location (Table 1 ). This indicates strong relation between genotype and antioxidant activity, especially when taking into consideration high concentrations of capsaicinoids in hot paprika samples whose synthesis can depend on certain abiotic factors such as high temperature ) and thus they take part in plant response to abiotic stress. The antioxidant capacity of dried Capsicum spp. has been reported to be greatly dependent on capsaicinoids as well as carotenoids content. Nevertheless, it is also influenced by the drying process, implying a drastic reduction of the antioxidant activity (Caporaso et al., 2013) .
Carotenoids -capsanthin and capsorubin
Moreover, the antioxidant activity of pepper fruits may be attributed also to carotenoids (Márkus et We measured total carotenoids expressed as % of capsanthin and capsorubin (Table 1 ) responsible for red coloration and determine the paprika quality. Averagely, the samples from Croatia (CRO1, CRO4, CRO5) (Fig.  3) had the highest level of carotenoids, while the lowest content was found out in the samples from Serbia (SER1, SER2) and Croatia (CRO3) (Fig. 3 ).
capsanthin and capsorubin (Table 1 ) responsible for red coloration and determine the paprika quality. Averagely, the samples from Croatia (CRO1, CRO4, CRO5) (Fig. 3) had the highest level of carotenoids, while the lowest content was found out in the samples from Serbia (SER1, SER2) and Croatia (CRO3) (Fig. 3) . Surprisingly, compared to other investigated parameters, carotenoids content varied at least regarding differences among sweet and hot paprika samples at the same location. However, carotenoids content differed significantly between locations for both sweet and hot paprika samples (Fig. 3) . Carotenoid metabolism can be affected by environmental factors and their content tends to increase in plants as a response to stress such as drought and high temperatures (Munné-Bosch and Alegre, 2000; BelefantMiller and Grunden, 2014). Carotenoids composition and content can vary due to the genetic characteristics of different pepper cultivars (Márkus et al., 1999; Russo and Howard, 2002) . Also, the stability of main carotenoids has been found out to depend on drying conditions (Malchev et al., 1982) . The storage conditions of ground paprika can affect the rate of color degradation depending on temperature and its duration (Carbonell et al., 1986; Addala et al., 2015) , residual moisture content of the product (Lease and Lease, 1956) , and increased surface area, particularly in the presence of unsaturated lipids (Kanner et al., 1976 (Kanner et al., , 1977 . The addition of seed to paprika can cause the carotenoid content decrease in except for unesterified violaxanthin, capsanthin, and cryptoxanthin as a result of dilution, but at the same time the addition of seeds can improve to a considerable extent the stability of carotenoid-type pigments in ground paprika during storage (Márkus et al., 1999) .
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The sweet paprika samples analysed in the present study contained a significantly lower content of capsaicin (Fig. 4) compared to hot paprika samples, which was expected. However, we find this data interesting, as it was not expected to determine such concentration of capsaicinoids in sweet paprika samples. In general, the highest content of carotenoids and the pungency-defining alkaloids capsaicin and dihydrocapsaicin were determined in the hot paprika samples from Croatia ranging from 80 μg g -1 up to 210 μg g -1 of ground paprika (Fig. 5) . These results confirm the hypothesis of Giuffrida et al. (2014) that carotenoids protect capsaicinoids from degradation. The highest content of capsaicin and dihydrocapsaicin found out in hot paprika samples at locations in Croatia (CRO1-H -CRO5-H, Fig.  5 ) may be due to higher temperature during fruit growth and development as capsaicin synthase activity might be increased in such conditions , also referring to sweet paprika samples (Fig. 4) . In general, the highest content of carotenoids and the pungency-defining alkaloids capsaicin and dihydrocapsaicin were determined in the hot paprika samples from Croatia ranging from 80 μg g -1 up to 210 μg g -1 of ground paprika (Fig. 5) . These results confirm the hypothesis of Giuffrida et al. (2014) that carotenoids protect capsaicinoids from degradation. The highest content of capsaicin and dihydrocapsaicin found out in hot paprika samples at locations in Croatia (CRO1-H -CRO5-H, Fig. 5 ) may be due to higher temperature during fruit growth and development as capsaicin synthase activity might be increased in such conditions , also referring to sweet paprika samples (Fig. 4) . In general, the highest content of carotenoids and the pungency-defining alkaloids capsaicin and dihydrocapsaicin were determined in the hot paprika samples from Croatia ranging from 80 μg g 5 ) may be due to higher temperature during fruit growth and development as capsaicin synthase activity might be increased in such conditions , also referring to sweet paprika samples (Fig. 4) . Fig. 6 ) and differences in fruit maturation during harvest (Sukrasno and Yeoman, 1993; Buczkowska and Łabuda, 2015) . Figure 6 shows difference in SHU between paprika (final product after drying and grinding) of Hungarian wax hot pepper cv. Kalocsai V2 from this study and other cultivars of hot peppers as data about this cultivar pungency are very limited. Accordingly, cv. Kalocsai V2 together with other Hungarian wax hot pepper cultivars belongs to mild pungent group. The content of particular capsaicinoids in hot pepper fruits depends on the fruit parts used for making ground paprika because biosynthesis of capsaicinoids takes place in the fruits, placenta and epidermal cells. From here, they are distributed to the seeds and pericarp, and in small quantities to the vegetative parts of plants (Contreras-Padilla and Yahia, 1998; Estrada et al., 2002; Pandhair and Sharma, 2008; Ben MansourGueddes et al., 2012). Accordingly, pungency strongly depends on the dry fruit processing methods.
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Quantitative variation in the capsaicinoids content and Scoville heat units could also be explained by genotypic variation (Zewdie and Bosland , 2000; Ben-Chaim et al., 2006, Fig. 6 ) and differences in fruit maturation during harvest (Sukrasno and Yeoman, 1993; Buczkowska and Łabuda, 2015) . Figure  6 shows difference in SHU between paprika (final product after drying and grinding) of Hungarian wax hot pepper cv. Kalocsai V2 from this study and other cultivars of hot peppers as data about this cultivar pungency are very limited. Accordingly, cv. Kalocsai V2 together with other Hungarian wax hot pepper cultivars belongs to mild pungent group. The content of particular capsaicinoids in hot pepper fruits depends on the fruit parts used for making ground paprika because biosynthesis of capsaicinoids takes place in the fruits, placenta and epidermal cells. 
CONCLUSION
The data on phytochemical composition of sweet and hot paprika obtained from Hungarian wax pepper are very limited. The results from our study pointed out the differences in the chemical composition of paprika obtained from two different pepper cultivars produced in three different states of the Eastern Danube region. The composition and level of metabolites as well as antioxidant activity in paprika samples varied greatly depending on location where produced. In general, paprika from Croatia had the highest carotenoid content but the lowest phenols and flavonoids content. The hot paprika samples from Croatia had the highest content of capsaicin and dihydrocapsaicin. The results of this investigation indicate that bioactive compounds in paprika can vary greatly depending on their geographical origin. However, this variation can also be due to different production technology and processing methods. Further studies are needed to reveal the specific factors responsible for variation of bioactive compounds content in paprika during production and processing.
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